
5.~~ 2,:_R17Y CL.SIPCA7C :oRS

Uncsified r.rT A03
:a iCRiTY c-_Ss~pcj~o Au D-/A216 03

Unclassi fied/Unlimited
- ERF, RM:,G CRGA.NIZA7;ON RE3 . NL.M8 ( S .OTRIG RGA.N i.A7 ON REPORT Nl,8ERS

ONRTechnicalReport_il, _________ ________________________

6a. NAME OF ;E.RFCR,%ING :;RGANiZA7GN 100., :_ i'CE VSCL NANOE LF vICN17ORING CRGANIZA7;ON

Dept. of Chem. Eng. & Mat. Sc {. 'f acooic.0C)

Corrosion Research Center ~________Office of Naval Research
5c ADDRESS Cry. Stare, a Z;PCoce) b~ AOCRESS ,Cay, State, ia Z;PCo.ae)

University of Minnesota 800 North Quincy Street
Minneapolis, MN 55455 Arlington, VA 22217-5000

3a. N4AME OF :;,,NOING, SPONSORING 3.O F-C= SYMBOL 3. PRGC ENIE14 .NS7,R(NIEN7 0E.NriFCA7;ON V.,ME-1
ORGANIZA7;CN ('if J00ficiie)

DARPA/ONR Code 1113 Contract No. N00014-88-K-0360
3c. AOORESS (City, State, ana ZiP Cwe) ',O SOURCE OF U'NO'NG NUMSEIS

PRCGRA-M P1ROjEC7 7ASK WR ~i
800 North Quincy Street E.:.%ENT NO. NO. NO. ~ ACCESSiCN NO
Arlington, VA 22217-5000

7;L- jn,ce Set,nrry Cassificarjoni

Application of Polymer Electrolytes to Lithium Batteries

-2 ERSCNAL Au7?iCRCS)
B.B. Owens, 1M.Z.A. Munshi and P.S.S. Prasad

13a. 7YPS OF REPORT 1 3b. TIME COVERED 14. DATE OF REPORT (Year Month.ay) 15. PAGE COUNT
Technical I:;cm 7/88 TO 10L/89 10/23/89 3

16. SLjPPI ThiEN7ARY NO7A7:ON

Published in the Extended Abstracts of the 30Lh Battery Symp, Nagoya, Japan 10/27-29 89
7 CSA 7: C::S 18. SQS;EC7 TERMVS \Conrnuie an reverse it necessary ana iaenr~ty oy oiccx rmumoer)

::L) I r- C ULP I SL3-Ij;OUP

I ;Polymer electrolytes, solid state battery, lithium batteryjZ 1-1"
9a A8\C7 Conrn~ue on reverse it necessary ana icentity by 010cX numnoer)

Ever since the publication of Fenton and Wright's work on ionically conducting
polymers in 1973, the potential application of solid polymer electrolytes to solid state
lithium batteries has led to an extensive invest *igation of their transport and
electrochemical properties Recent modeling studies on lithium/insertion cathode cells,
including the design scale-up for both unipolar and bipolar configurations indicates
the possibility of achieving high energy and power densities well in excess of the present
advanced batteries? The recetitly reported work on polymer electrolyte batteries that
operate from -206C to +100';C demonstrates the utility of this new class of lithium
batteries.

ZO :Z15RT,7;G:N, AV~iu 8ILrr' OF A8STRAC7 21. ABSTRACT SEC* RiTY C .AS3,FiCA710.N

22a NA-ME OF 4ESPONSIBL:E *NOiOUAL 22t). 7jE; PHONE tincluce Area COCO) f2C. OFFtCE SIMO

Boone B. Owens and William H. Smyrl (612) 625-4048

DO FORM 1473, aa MAR 43 APR ecition maiy De wsSc, tintiI exinaustea. SEC RlT'y C.ASSiFiA7ON OF rwi5 2AGE
All otherV ed't:Ons ar* 001olote.

Unclassified



APPLICATION OF POLYMER ELECTROLYTES To LITHIUM BATTERIES

B.B. Owens. M.Z.A. Munshi and P.S.S. Prasad
Department of Chemical Engineering and Materials Science

Universitv of Minnesota, Minneapolis, MN 55455, U.S.A.

Ever since the publication of Fenton and Wright's work on
ionically conducting polymers in 1973, the potential application of solid
polymer electrolytes to solid state lithium batteries has led to an extensive
investigation of their transport and electrochemical properties. Recent
modeling studies on lithium/insertion cathode cells, including the design
scale-up for both unipolar and bipolar configurations indicates the possibility
of achieving high energy and power densities well in excess of the present
advanced batteries.The recently reported work on polymer electrolyte
batteries that operate from -20 OC to +100 OC demonstrates the utility of this
new class of lithium batteries.

1. INTRODUCTION

Solid state rechargeable lithium polymer electrolyte batteries utilizing insertion cathodes
represent one of the very active areas of lithium battery technology. A substantial amount of effort
has been devoted to the characterization of polymer electrolytes as outlined in recent
comprehensive review articles[I,2], but considerably less effort has been made on full cell studies.
Although the successful fs. . prsatl p cs hdve been reported[3-5j, the development
of larger area cells have been somewhat sluggish. However, the progress in the development of
new polymer electrolytes with high ionic conductivities at ambient temperatures has expedited the
research impetus of this all solid state concept. Hence, there is a strong need to model this type of
battery system with respect to the energy and power capability.

2. MODELING STUDIES

The approach involved the macroscopic modeling of unipolar and bipolar prismatic
configuration cells. The unit cell was based on the following configuration:

Ni I1 Li II Electroiyte II standard V60 1 3 composite II Ni
(25 tm) (3 x cathode capacity) (0.2tc) tc) (25 .m) -

Metallized plastic (1000A Ni layer) and aluminum current collectors were also considered. The
theoretical specific energies and specific pulse powers were calculated for a wide range of cathode 0
.hicknesses (t,) and cell areas. The details of the design concepts are discussed elsewhere[6].

3. RESULTS AND DISCUSSION

In order to increase the specific energy and specific power of a polymer electrolyte

battery, one needs to employ a bipolar plate design. The use of a metallized plastic current collector
is ,xpected to decrease not only the weight and the cost, but also to increase the specific energy and Iy Codes
power of the system considerably. There is however, a trade-off of one parameter over the other. "id I or
For example, in order to obtain the maximum energy density, the power density must be sacrificed . c ,or
and vice versa.



Figure 1 shows a typical energy
density variation with the number of bipolar
units for the 100 un thick cathode as a function * 450
of cell area for metallized plastic current
collector. The optimum specific energy occurs i 3rea

for 5 bipolar units with cell area correspondinga
to 400 cm2 and is about 470 W-hkg. For thinner us

cathodes, these values are considerably lower. U 25 J• a 250

The values are also lower for the unit cell case
and when employing metallic current collector. 1

Figure 2 shows a typical pulse U 150 _ _ _- Z

power density variation with the number of Uw 0 20 40 60 80 100
bipolar units for 0% depth of discharge (fresh X BIPOLAR UNITS
cell) and 1 .um thick cathode as a function of cell Fig. 1 Vanation of specific energy with number of bipolar untis.
area for the metallized pla,,tic current collector.
Since the power is inversely proportional to the 4500000
electrolyte film thickness which in turn is
proportional to the cathode thickness, thinner .. ___--_.,_,_,__---_____

cathode films yield high power density. Specific 3500000

powers of almost 4 MW/kg are calculated for 20 ) "t _ __"_.:

bipolar units and 400 cm 2 cell areas. Lower uIJ Increasing cell
power densities are calculated for the thicker cc 2500000 area

cathodes and for the metallic current collector UJ

case. 00. 7_ _ __ _ _Table I o,,nmarizes the optimum 1500000 * .........
specific energies and powers calculated for 20 40 60 80 10o

unipolar and bipolar cells. X BIPOLAR UNITS
Fig. 2 Variation of specific pow-ver with number of bipolar units,
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